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VACUUM W COATINGS, Job Order No. 284YO9-19 (NASA Code 124-09-05-16) 
The procedure, repor ted  i n  t h e  last  qua r t e r ,  f o r  depos i t ing  uniform vacuum 
u l t r a v i o l e t  r e f l e c t i n g  coatings on l a r g e  sur faces  w a s  applied t o  t h e  t a s k  of r ecoa t ing  
t h e  39-inch diameter  primary mir ror  in  t h e  Vacuum Optical  Bench f a c i l i t y .  
In  o rde r  t o  monitor t h e  recoa t ing  process, g l a s s  s l i d e s  w e r e  mounted i n  t h e  
a p e r t u r e  and around t h e  per iphery  of t he  mirror,  corresponding t o  r a d i a l  d i s t ances  
of 2 inches and 21 inches,  respec t ive ly .  
t h e  average r e f l e c t a n c e  a t  Lyman a lpha  w a s  81 percent,  whereas a t  21 inches t h e  
average r e f l e c t a n c e  w a s  74 percent. 
A t  a d i s t a n c e  of 2 inches from t h e  cen te r ,  
This range of 7 percent  was unexpected s i n c e  previous d a t a  ind ica ted  that a 
I n  previous runs, however, using a s l i d e -  range of 4 percent  could be a t t a ined .  
holding f i x t u r e  dup l i ca t ing  t h e  s i z e  and shape of t h e  mir ror ,  samples had been 
loca ted  a t  d i s t a n c e s  of 4 t o  18 inches from t h e  center .  
that t h e  r e f l e c t a n c e  d i s t r i b u t i o n  deviated from a s t r a i g h t  l i n e  beyond these  l i m i t s .  
Therefore, it w a s  surmised 
I n  o rde r  t o  demonstrate t h i s ,  t h e  mirror-simulating f i x t u r e  w a s  modified t o  
inc lude  s l i d e s  a t  d i s t a n c e s  of 2 and 21 inches and another test run w a s  made. The 
d a t a  from t h i s  run ind ica t ed  t h a t  t h e  d i s t r i b u t i o n  curve more c l o s e l y  approximated 
a parabola  than  a s t r a i g h t  l i n e ,  wi th  a maximum a t  a d i s t a n c e  of about 7 inches from 
t h e  cen te r .  
Incomplete removal, of contamination from t h e  su r face  of t h e  mir ror  necess i t a t ed  
s t r i p p i n g  t h e  coa t ing  and applying a new one. When t h i s  w a s  done, t h e  average r e f l e c t -  
ances of t h e  monitoi-ing s l i d e s  a t  2 inches and 2 1  inches w e r e  80 percent and 72 percent 
r e spec t ive ly .  
d i s t r i b u t i o n  curve w a s  t h e  same as f o r  t h e  test run, i t  w a s  estimated t h a t  t h e  r e f l e c t -  
ance on t h e  surface of t h e  mir ror ,  which includes t h e  a r e a  from 3 1/2 t o  19 inches 
from t h e  c e n t e r ,  va r i zd  from 75 to 80 percent a t  Lyman alpha wi th  a mean of 78  per- 
cen t  over t h e  e n t i r e  surface.  
t h e r e f o r e ,  beyond the ou t s ide  edge of t h e  mirror. 
Based on t h i s  da t a  and t h e  assumption t h a t  t h e  shape of t h e  r e f l e c t a n c e  
The g r e a t e s t  dev ia t ion  from a s t r a i g h t  l i n e  occurred, 
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MICROCIRCUITRY WELDING, ,Jot) Order No, 284T25-06 (XASA Codp 125-25-04-02) 
I n  t h e  l a s t  q u a r t e r l y  r epor t ,  t h e  i n i t i a l  phase of a program t o  measure 
embedment nondestruct ively was described. In  t h i s  phase, a prel iminary model 
of a device  f o r  measuring the  d i s t a n c e  t h a t  t h e  e l e c t r o d e  t i p  moves dur ing  the  
welding cyc1.e was i n s t a l l e d  on a p ince r  welding head (F igure  I), 
i n d i c a t o r  i s  a t tached  t o  t h e  f ixed  po r t ion  of t h e  head, and t h e  i n d i c a t o r  
ac tua t ing  arm r o t a t e s  about t h e  same a x i s  a s  does t . h e  e l e c t r o d e  t i p .  The d i a l  
i nd ica to r  reading can be niade t o  correspond t o  the  e l e c t r o d e  moverrmt by loca t ing  
t h e  ind ica to r  such t h a t  i t s  sp ind le  con tac t s  t h e  arm a t  t h e  sane dist.ance from 
t.he cen te r  of r o t a t i o n  as the  welding t i p ,  
The d i a l  
The welder act.uatiiig mechanism has two pos i t i ons ,  an in i t . i a1  one f o r  applying 
t h e  necessary fo rce  and a f i n a l  pos i t i on  for discharg ing  t h e  c a p a c i t o r s  i n  t h e  
welder supply f o r  t h e  requi red  e l e c t r i c a l  energy, A s  t h i s  dev ice  is  p r e s e n t l y  
used, t h e  welding f o r c e  i s  applied before  t h e  i.ndicntor i s  set t o  zero ,  and t h e  
f o r c e  i s  maintained a f t e r  wel2iirig u n t i l  t h e  movement i s  r e a d Y  
In  a f u t u r e  model, it i s  planned t o  meastire. t h e  e l e c t r o d e  movement auto- 
n ia t ica l ly .  
Tests have been conducted wi th  t h i s  dev ice  by cross-wire welding .020-inch 
diameter Alloy 280 (widely used as a nonmagnetic i n t e rconnec t )  t o  a number of 
lead w i r e s  (,020-inch n i c k e l ;  .020-inch gold p l a t ed  D u m e t ;  ,018-inch gold p l a t ed  
Kovar; .025-inch Al loy  42;  .020-inch Alloy 180) commonly found on components 
used i n  t h e  f a b r i c a t i o n  of cordwood welded modules, Twelve samples w e r e  welded 
a t  each of seven energy s e t t i n g s  us ing  5 pounds fo rce  f o r  each of t h e  above 
material combinat i o n s  I D i a l  indicat.or readings  and p u l l  s t r e n g t h  were measured 
on each weld. The d a t a  are being evaluated t o  cletermine i f  e l e c t r o d e  movement 
measurements can be used f o r  p red ic t ing  weld s t r e n g t h  and cons is tency  arid f o r  
monitoring product i on  welding ., 
i 
Figure 1-Electrode movement measuring d e v t c e  LnptaLXed on welding equipment. 
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METAL POLISHING STUDY, Job Order No. 336YO3-13 I__ (NASA -.. Code 129-03-14-13) 
The contract ,  awarded t o  t h e  Isomet Corporat ion,  f o r  t h e  op:irnization and 
s t anda rd iza t ion  of a po l i sh ing  procedure f o r  304L s t a i n l e s s  s t e e l  has been com- 
p l e t ed .  Although a f i n a l  procedure was documented and demonstrated by Isomet ,  
a f i n a l  r epor t  has not  been received f o r  eva lua t ion .  A d i scuss ion  of the  r e s u l t s  
of t h i s  program would be premature a t  t h i s  time and,  t he re fo re ,  w i l l  be de fe r r ed  
u n t i l  the  next q u a r t e r .  
1 
A broad program t o  determine the  s u i t a b i l i t y  of candidate  metals  f c r  use  
as r e f l e c t i v e  o p t i c a l  elements i s  on con t r ac t  t o  t h e  American Opt ica l  Company. 
This  program i s  divided i n t o  th ree  major p a r t s :  (1) production of o p t i c a l  su r -  
f aces ,  ( 2 )  t e s t i n g  and s t a b i l i t y  of the  pol ished samples as a f f e c t e d  by t i m e ,  
temperature and s t r e s s ,  and ( 3 )  determinat ion of the r e f l ec t ance  o f  the s u r f a c e s .  
The f i r s t  phase of t h i s  program has been completed, and the s t a b i l i t y  t e s t i n g  
is  c u r r e n t l y  i n  progress .  
The developments during t h i s  qua r t e r  are  discussed by ma te r i a l  type .  
Nickel 
The nickel  t e s t  samples were prepared f o r  g r ind ing ,  as  w a s  t he  sample f o r  
the  pol i sh ing  experimentat ion.  Rough g r ind ing ,  f i n e  gr inding  and po l i sh ing  were 
done wi th  the p ieces  blocked "f ive a round one" on a "pick-up" block.  Such a 
block i s  prepared by placing a quarter- inch-thick l a y e r  of hard p i t c h  ( 7 5 1 7 5  
P i t c h ,  Universal She l l ac  a n d  Supply Company, Brooklyn, New York) on the back of 
each p iece .  The pieces  are  then placed face down on an o p t i c a l  f l a t  w i t h  f i v e  
pieces  symmetrically arranged around a cen t r a l  p i e c e .  A heated 12-inch-diametert  
f l a t  t oo l  is  then placed on the p i t c h  a n d  i s  allowed t o  m e l t  i n t o  the p i t c h .  
Af t e r  cool ing ,  a l l  s i x  pieces  a r e  held coplanar  and,  because of the  cold flow 
tendencies  of the  p i t c h ,  the p i eces  are  he ld  without s t r a i n .  These blocks were 
during t h e  pol ishing experimentat ion.  The f i g u r e  and s u r f a c e  q u a l i t y  of  a l l  
pieces  was s a t i s f a c t o r y .  The f i g u r e  of t h r e e  of these  samples has been recorded 
photographical ly  and the samples s to red  f o r  t i m e - s t a b i l i t y  t e s t i n g .  
worked as a s ingle  piece would b e ,  using the po l i sh ing  techniques per fec ted  \ 
Beryl 1 ium 
The beryll ium t e s t  samples were prepared f o r  g r ind ing ,  as  was t h e  sample 
for the pol i sh ing  experimentat ion.  T h e s e  p i eces  were blocked l i k e  t h e  n i cke l  
samples and ground and pol i shed ,  us ing  the techniques pe r fec t ed  du r ing  the  
pol i sh ing  experimentat ion.  A "clean" s u r f a c e  could not  be obtained on t h e  block,  
and the pieces  had t o  be "de-blocked" a n d  f i n i s h e d  ind iv idua l ly .  This  poor 
surface resu l ted  from the d i f f i c u l t y  of g e t t i n g  "goocl contac t"  between the  block 
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I 
and the  pol i sh ing  l ap .  
t he  samples s to red  f o r  t i m e - s t a b i l i t y  t e s t i n g .  
Haynes 25  
The f i g u r e  and su r face  q u a l i t y  of a l l  p i e t e s  w a s  s a t i s -  
I f a c t o r y .  The f i g u r e  of  t h r e e  samples has been recorded photographically,  and 
- 4  
The Haynes 25 samples were fabr ica ted  us ing  t h e  techniques pecfec ted  
dur ing  the  po l i sh ing  experimentation and "pick-up'' blocks.  
were encountered. 
The f i g u r e  of tnree pieces has been recorded photographically,  and t h e  samples 
s t o r e d  f o r  t i m e - s t a b i l i t y  t e s t i n g .  
No d i f f i c u l t i e s  
I The f igu re  and surface q u a l i t y  cf a l l  pieces was s a t i s f a c t o r y .  
Lurium 5 
I 
The techniques repor ted  i n  t h e  l a s t  q u a r t e r l y  r e p o r t  for t he  aluminum 2024 
and 6061 were used on t h e  L u r i m  5 without success.  
with t h i s  material has been discontinued, and no f u r t h e r  work is planned. 
The pol i sh ing  experimentat igc 
Aluminum 2024 and 6061 
The pol i sh ing  experimentation w i t h  t hese  materials, as repor ted  i n  t h e  l a s t  
The po l i sh ing  experimentation c y ~ a r t e r l y  r e p o r t ,  was continued without success .  
with these  materials has been discontinued and no f u r t h e r  work is planned. 
The con t ree to r  has concluded t h a t  the  Lurium 5 ,  the  Aluminum 2024 and t h e  
Alxminum 6061 cannot,  a t  t h i s  time, be o p t i c a l l y  polished and f igured  t o  b e t t e r  
t h a n A / 2 .  
have been found, bu t  no technique which produces both  has been found, 
Techniques which prodilce e i t h e r  a clean sur face  or a good f i g u r e  
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ABSOLUTE SPECTRAL RESPONSE SYSTEM, Job Order N o .  633YO9-06 
I n i t i a l  t e s t i n g  of t h e  High I n t e n s i t y  Light Source Optical  System revealed 
two de f i c i enc ie s :  
source ,  and (2) excessive hea t  was developed a t  t h e  en t rance  a l i t  jaws of t h e  
scanning monochromat or. 
(1) i n s u f f i c i e n t  energy was received from t h e  tungeten lamp 
b .  
The f i r s t .  of t h e s e  occurred because t h e  parabolo ida l  r e f l e c t o r  co l l imated  
l i g h t  from only a small segment of t h e  tungs ten  extended f i lament  along t h e  
d e s i r e d  o p t i c a l  path. 
as p a r a l l e l  bundles i n  off-axis d i r e c t i o n s .  To r e - d i r e c t  t h i s  energy, a pa rabo l i c  
c y l i n d r i c a l  mirror of f:number 1/3.9 was nes ted  wi th in  t h e  parabolo ida l  c o l l e c t o r .  
Micrdmeter screw pos i t i on ing  aligned t h e  c y l i n d r i c a l  mirror such t h a t  t h e  f o c a l  
l i n e  is coincident wi th  t h e  f i lament  c o i l  t i p s .  The emergent beam from t h e  
dua l  mi r ro r s  was four teen  times more i n t e n s e  along t h e  d e s i r e d  o p t i c a l  pa th  than  
t h a t  from t h e  parabolo ida l  r e f l e c t o r  alone, and s u f f i c i e n t  uniform i l l umina t ion  
energy was obtained a t  t h e  en t r ance  s l i t  jaws of t h e  monochromator t o  s a t i s f y  
measurement requirements. 
Separa te  extra axial po in t s  on t h e  source  were r e f l e c t e d  
The overheating a t  t h e  en t rance  s l i t  j a w s  was a t t r i b u t e d  t o  imaging of t h e  
l i g h t  source.  
upset t h e  re ference  energy levels being measured by t h e  thermopiles  i n  t h e  
de t ec to r  uni ts .  This problem was curbed by redes ign  of t h e  s l i t  jaws t o  incor- 
p o r a t e  minia ture  water passages through which water i s  c i r c u l a t e d  a t  a rate of 
0.8 quarts per m i n u t e .  
I f  n o t  reduced, t h i s  hea t ing  c r e a t e s  thermal d r i f t  c u r r e n t s  which 
A l l  components of t h e  High I n t e n s i t y  Light  Source have been f a b r i c a t e d  and 
a r e  now i n  f i n a l  assembly. 
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& PARABOLIC REFLECTCRS, Job Order No. 322UO1-02 
- 6  As discussed i n  previous q u a r t e r l y  r epor t s ,  an experimental  explos ive  forming 
program, t h e  o b j e c t i v e  of which is development of expedient  techniques for f a b r i -  
ca t ion  of metal o p t i c a l  elements, is  being performed under a c o n t r a c t  w i t h  t h e  
Mart i n  Company, Baltimore. 
N o  explos ive  forming was performed during t h i s  r epor t ing  per iod s i n c e  t h i s  
work is done out of doors and has been delayed by win te r  weather. 
A new d i e ,  of type  44OC S t a i n l e s s  S t e e l ,  has been machined and hea t  t r e a t e d  
by Martin. 
i n  f u t u r e  t e s t i n g  f o r  eva lua t ion  of t h e  44OC as an explos ive  forming d i e  mater ia l .  
This d i e  which i s  being o p t i c a l l y  pol ished a t  Goddard, w i l l  be used 
i 
Report N o .  1 
Page 8 of 18 
PROGRESS REPORT R&D QUARTEBLY 
January 1 t o  March 31, 1966 P e r i o d  
SOLDERING TO ELECTRODEPQ'3ITED MF,'I!ALS. Job Order No. 284U54-02 
I n  t r odu c t ion 
A considerable  amount of e f f o r t  has been expended i n  inves t iga t ions  of t h e  
s o l d e r a b i l i t y  of var ious  e l e c t r o p l a t i n g s ,  O f  p a r t i c u l a r  i n t e r e s t ,  e s p e c i a l l y  
i n  t h e  f i e l d  of e l e c t r o n i c  c i r c u i t r y ,  i s  e l ec t rop la t ed  gold. Gold i s  f r equen t ly  
p la ted  onto pr in ted  wir ing boards for seve ra l  reasons,  namely, t h e  a b i l i t y  t o  
preserve so lderable  sur faces  during s to rage  due t o  i t s  nonoxidizing q u a l i t i e s ,  
i t s  l o w  r e s i s t i v i t y  which makes it an exce l l en t  e l e c t r i c a l  contac t  material and 
its r e s i s t a n c e  t o  a t t a c k  by a l l  of t he  commonly used e tchants ,  
Considerable controversy has a r i s e n  as t o  t h e  s u i t a b i l i t y  of gold as a 
base for solder ing.  
consider  t h e  r e s u l t a n t  j o i n t s  t o  be h ighly  unre l iab le .  
Excel lent  results have been achieved by some, whereas o thers  
J. D. Keller  (Reference 1) is  among those  r epor t ing  poor results when 
so lder ing  t o  gold p la ted  copper c i r c u i t  boards. 
copper and gold p la ted  boards are shown i n  Table I. 
R e s u l t s  of p u l l  tests on ba re  
T a b l e  I 
P u l l  T e s t  Resu l t s  f o r  Unplated 
and Gold P la t ed  P r in t ed  C i r c u i t  Boards 
Separa t ion  Force (Pounds) 
Maximum Minimum Average 
Gold Plated Copper ...L.Y4.0s.Y 3.0 0 - 5  1.8 
During the  tests, t h e  so lde r  c o n s i s t e n t l y  l i f t e d  off  t h e  gold p l a t ed  su r faces ,  
whereas on the b a r e  copper pads t h e  w i r e  pu l led  through t h e  s o l d e r ,  t he  l a t t e r  
remaining with t h e  copper, 
These t e s t s  w e r e  conducted by the  Army H a l l i s t i c  Missile Agency (ABM) f o r  
t h e  NASA Qual i ty  Divis ion a t  Hun t sv i l l e  and probably formed t h e  b a s i s  f o r  t h e  r equ i r e -  
ment s t a t e d  in  MSFC-PRCX-158B (Reference 2 )  t h a t  gold p l a t i n g  s h a l l  be  removed 
from areas requi r ing  soldered connections un le s s  t h e  s o l d e r a b i l i t y  of the gold i s  
such t h a t  the  minimum p u l l  requi red  t o  s e p a r a t e  t h e  w i r e s  from t h e  c i r c u i t  s h a l l  
no t  be  less than four  (4) pounds, when determined as i nd ica t ed  i n  the  document.. 
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A t  t h e  t i m e  t h i s  present  work w a s  begun, t h e  s tandard  procedure a t  GSFC 
was  t o  erase t h e  gold from areas t o  b e  soldered, as c a l l e d  f o r  i n  t h e  a fore-  
mentioned MSFC document and i t s  offshoot,  NASA Q u a l i t y  Pub l i ca t ion  NPC 200-4. 
However, no  work had been done t o  determine whether o r  not t h e  gold p l a t i n g  
process being used was a b l e  t o  m e e t  t h e  minimum p u l l  s t r e n g t h  requirement. 
It w a s  decided, t he re fo re ,  t o  evaluate t h i s  p a r t i c u l a r  process,  which uses  an 
ac id  type  ba th  t h a t  dep0sit.s a gold-cobalt a l l o y  having a p u r i t y  of 99.9 percent  
gold e 
? 
This eva lua t ion  w a s  deemed necessary s i n c e  t h e  procedure of e r a s ing  t h e  
gold from a reas  t o  be so ldered  i s  both t i m e  consuming and was tefu l  of a va luab le  
material. I n  add i t ion ,  there is  a p o s s i b i l i t y  t h a t  t h e  copper s u b s t r a t e  may 
b e  damaged i n  t h e  process. 
developed (Reference 3)  whereby only t h e  conduct ive pa ths  between te rmina ls  
are gold p la ted  while  t h e  pads themselves are p la t ed  wi th  another m e t a l .  
d isadvantages of t h i s  method a r e  its add i t iona l  processing s t e p s  as w e l l  as 
t h e  problem of s e l e c t i n g  a more s u i t a b l e  p l a t i n g  than  gold. 
A method of s e l e c t i v e  e l e c t r o p l a t i n g  has been 
The 
Procedure 
T e s t  boards, a s  shown i n  Figure I, w i t h  both  unplated copper and gold- 
p l a t ed  copper pads w e r e  prepared i n  accordance wi th  MSFC-PROC-l58B, using ros in-  
cored 60:40 t i n - l ead  s o l d e r  t o  a t t a c h  t h e  w i r e s .  The connections w e r e  p u l l  
t e s t e d  i n  a d i r e c t i o n  perpendicular  t o  t h e  p lane  of t h e  board a t  a rate of 0.5 
inches pe r  minute, 
Based on a r e p o r t  by Braun (Reference 4) of an improved s o l d e r  conta in ing  
indium for making connections t o  gold w i r e s  o r  gold p l a t e d  components, gold- 
p l a t e d  test boards were a l s o  prepared using t h i s  so lde r  t o  connect t h e  w i r e s  t o  
t h e  p l a t i n g ,  both w i t h  and without t h e  u s e  of rosin-alcohol  f lux.  
The composition of t h e  so lde r  i s  as follows: 
Weight Percent  
Lead e Y I O . . . . . .  29 "0 
Tin e d e s . e e - y u e  53 .O 
Indium e . .. . 17,5 
Zinc 0.5 
I n  a n t i c i p a t i o l i  of results that would confirm t h e  u n s u i t a b i l i t y  of gold 
f o r  so lde red  connections,  which would n e c e s s i t a t e  a s u b s t i t u t e  p l a t i n g  f o r  
t h e  c i r c u i t  or a t  least the terminal pads, s eve ra l  o t h e r  e l ec t rodepos i t ed  p l a t i n g s  
w i t h  r e p u t a t i o n s  f o r  good s o l d e r a b i l i t y  w e r e  a l s o  inves t iga t ed .  
t h e s e  wi th  t h e  f l u x  and s o l d e r  used appears  i n  Table 11, 
A l i s t i n g  of 
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Top Layer 
Gold 
I t  
I t  
White Gold 
Tin-N i c k e l  
Gold 
I 1  
Table I1 ~- - 
Electrodeposi ted Coatings 
Inves t iga ted  f o r  S o l d e r a b i l i t y  
Intermediate  Laver 
11 I t  11 
Solder  Plate* 
Iuiiniers ion Tin 
Solder  
60:40* 
Indium** 
I t  
60:40 
11 
11 
Indium 
11 
60:40 
11 
F1 ux -
Ros in-Alcohol 
None 
Ros in-A lcohol  
7 1  1 1  
I 1  I t  
l? 1 1  
None 
Rosin-Alcohol 
t f  1 1  
1 t  11 
* 60 percent t i n ,  40 perce*it  lead.  
A,!; 29.0 perctri t  ? c a d ,  5"O percent  kim, 17.5 percent  indium, 0.5 percent  z inc ,  
1 
c 
l : > . i + i 3 f l y  no atlempt w a s  naJe ! Q  con~- -o l  I-hc thickness of t h e  gold p l a t i n g ,  
H o w r w r ,  *;-z i**  t: t h e  work of Foster  (RefPrence 5) i n d i c a t e s  t h a t  t h e  s t r e n g t h  of 
a s;:,'c r.0 (1 join; on g c l d  p l s f  iL1g depends on the  amount of gold d isso lved  i n  t h e  
so lder ,  flirt-her p u l l  t e s ~ s  were made on va r ious  th i cknesses  of gold p l a t ing .  
p l a t i n g  th ickness  was measured by t h e  be ta - ray  back s c a t t e r  technique and va r i ed  
from approxiiiiately 50 t o  mer 200 microinches. An a t tempt  was made t o  cover t h e  
same thickness  range wi t11  t he  whi.te gold p l a t i n g  but  t h e  b a t h  was new and opera t ing  
condi t ions  were no"- c l e a r l y  es tab l i shed .  
var ied  from zero t o  13 microinches, as determined by sec t ion ing ,  whi le  the  o the r  
two had approximately 20 microinches of p l a t i n g  over t h e  copper. The gold f l a s h  
The 
A s  a r e s u l t ,  t h e  p l a t i n g  on one board 
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Aside from t h e  gold p l a t i n g ,  t h e  material t h a t  showed t h e  g r e a t e s t  promise 1 as a coa t ing  f o r  p r i n t e d  wir ing  boards, as f a r  as s o l d e r a b i l i t y  i s  concerned, was 
t h e  whi te  gold,  which i s  a gold-nickel a l l o y  conta in ing  75-85 percent  gold,  P u l l  
tests on t h e  boards wi th  about 20 microinches of t h e  p l a t i n g  gave an average 
s t r e n g t h  only 0.2 pounds below t h a t  of t h e  unplated copper and a somewhat narrower 
range of s t r e n g t h s ,  
p r o p e r t i e s  are requi red ,  
1 .  
This p l a t i n g  may present  a pro3lem, however, i f  non-magnetic 
S ince  one of t h e  p r o p e r t i e s  required of e l e c t r o p l a t i n g  on p r in t ed  c i r c u i t s  
is  p r o t e c t i o n  of t h e  c i r cu i t  aga ins t  corrosion,  a l l  of t h e  p l a t i n g s  t e s t e d  f o r  
s o l d e r a b i l i t y  w e r e  submitted t o  an acce lera ted  cor ros ion  test designed t o  check 
s u s c e p t i b i l i t f  t o  s u l f i d e s  (Reference 7) .  A l l  of t h e  p l a t i n g s  except t h e  immersion 
t i n  exhib i ted  e x c e l l e n t  r e s i s t a n c e  t o  s u l f i d e  corrosion.  
after 5 minutes p l a t i n g  t i m e  has a thickness  of about 35-40 microinches, apparent ly  
was  f u l l  of pinholes  through which t h e  s o l u t i o n  a t tacked  t h e  copper, 
B 20 microinches coa t ing  of white  gold afforded ample p ro tec t ion  aga ins t  t h i s  
fype of cor ros ion .  
Theimnersion t i n ,  which 
I n  c o n t r a s t ,  
Future  Work 
The gold p l a t i n g  process p r e s e n t l y  being used appears t o  m e e t  t h e  requirements 
of WFC-PROC-l58B, if appl ied  a t  t h e  proper th ickness ,  
run t o  confirm t h i s  d a t a  and pinpoint  t he  th ickness  g iv ing  maximum s t r eng th .  
should j u s t i f y  e l imina t ion  of t h e  gold removal step p r i o r  t o  so lder ing ,  
Addit ional  tests w i l l  be 
This 
The whi te  gold p l a t i n g  process  w i l l  be inves t iga t ed  f u r t h e r  t o  determine 
t h e  maximum s t r e n g t h  obta inable ,  a s  a poss ib le  a l t e r n a t i v e  t o  yellow gold p l a t i n g  
where hard-wearing su r faces  a r e  required.  
T e s t s  w i l l  a l s o  be made t o  determine how aging and temperature cyc l ing  before  
and a f t e r  so lde r ing  a f f e c t s  t h e  connections on these  p l a t ings .  9 
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over t h e  t in -n icke l  p l a t ing  was estimated t o  he 10 microinches th i ck ,  which i s  
more than s u f f i c i e n t  t o  s u b s t a n t i a l l y  improve t h e  s o l d e r a b i l i t y  of t h e  t in -n icke l  
depos i t ,  according t o  C a s t i l l e r o  (Reference 6). 
R e s u l t s  
The results of t he  p u l l  s t r e n g t h  tests may be seen i n  Figure 11, The s t r eng ths  
obtained on the  ba re  copper were comparable t o  those reported by t h e  A B M  except 
t h a t  t he  minimum values obtained w e r e  about one pound less. 
exhib i ted  considerable  v a r i a t i o n  i n  j o i n t  s t r e n g t h  wi th  p l a t i n g  th ickness ,  t h e  
maximum s t r eng th  occurring a t  about 115 microinches. Most important i s  t h e  f a c t  
that. t he  minimum j o i n t  s t r e n g t h  a t  t h i s  thickness  w a s  four  pounds and t h e  so lde r  
d id  not  p e e l  off t h e  board, 
equal ly  a s  good on t h e  gold p l a t ing  a s  on the  copper,  a s  shown i n  Figure 111. 
Gold p l a t ed  boards 
The wet t ing  a c t i o n  of t h e  s o l d e r  appeared t o  be 
The expected improvement i n  t h e  s o l d e r a b i l i t y  of gold wi th  t h e  u s e  of t h e  
indium-bearing so lde r  did not m a t e r i a l i z e ,  The wet t ing  c h a r a c t e r i s t i c s  of t h i s  
so lde r  w e r e  verv poorp both wi th  and without  rosin-alcohol  f l u x ,  as evidenced i n  
F igure  I V .  When no f l u x  was used, t h e  s o l d e r  pul led off  t h e  board wi th  t h e  w i r e  
i n  a l l  cases .  Use of t h e  f l u x  improved the  adhesion of t h e  s o l d e r  t o  t h e  gold 
somewhat, but  some of t h e  j o i n t s  f a i l e d  p r i o r  t o  a c t u a l  t e s t i n g ,  as a result  of 
hand 1 ing 
The only o ther  p l a t ings ,  t he  u s e  of which r e s u l t e d  i n  average j o i n t  s t r e n g t h s  
higher  than t h a t  of t he  bare  copper, w e r e  t i n -n i cke l  and immersion t i n ,  I n  t h e  
case  of the  t i n -n i cke l ,  t h e  w e t t a b i l i t y  w a s  only f a i r  as seen i n  Figure V ,  and t h e  
minimum j o i n t  strengt-h was l e s s  than fou r  pounds, The contac t  angle  of t h e  so lde r  
on t h e  board exceeded 60 degrees.  
considerable  amount of so lder  above t h e  wire and t h e  j o i n t  s t r e n g t h s  w e r e  undoubt- 
ed ly  a combination of shear  s t r e n g t h  of t h e  s o l d e r  and bond s t r e n g t h  of t h e  s o l d e r  
t o  t h e  wire .  
amounts of so lder  above the  w i r e .  
A s  a r e s u l t  of t h i s  "ball ing-up," t h e r e  was a 
The wide v a r i a t i o n  i n  j o i n t  strengt.h was probably due t o  varying 
The f l a s h  of gold on the  t i n -n i cke l  p l a t i n g  improved t h e  wet t ing  a c t i o n  Of 
t he  so lde r  considerably,  g r e a t l y  reducing t h e  v a r i a t i o n  i n  s t r e n g t h ,  
t he  average s t r eng th  w a s  l e s s  than t h a t  on t h e  ba re  copper,  
However, 
The so lde r  wet t h e  immersion t i n  p l a t i n g  w e l l  and gave t h e  h ighes t  j o i n t  
s t r eng ths  of any of the  p l a t i n g s  t e s t e d ,  
t h e  p l a t i n g  ba th  a t t acks  t h e  bond of t h e  copper t o  t h e  board, which i s  t h e  probable 
cause of t h e  wide range of p u l l  s t r e n g t h s  obtained,  
immersed f o r  3 minutes i n  the  p l a t i n g  ba th ,  20  percent  of t h e  j o i n t s  f a i l e d  as 
a resul t  of t h e  copper c ladding being pul led  of f  t h e  board, whereas 85 percent  of 
t he  j o i n t s  f a i l e d  i n  t h i s  manner on t h e  board which had been immersed f o r  5 minutes.  
There is some evidence,  however, t h a t  
I n  t h e  c a s e  of t he  board 
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F i g u r e  I I I a - S o l d e r  j o i n t  on u n p l a t e d  coppe r  a f t e r  p u l l  
t e s t  ( lox) .  
F igu re  I I I b  - S o l d e r  j o i n t  on g o l d  p l a t e d  boa rd  ( lox) .  
Repor t  N o .  1 
Page 1 7  o f 1 8  -- 
Figure I V  - S o l d e r  j o i n t  on gold p l a t e d  board u s i n g  1 7 . 5  
p e r c e n t  indium s o l d e r  ( lox) .  
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Figure V-Solder joint on tin-nickel plated board (la). 
